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A Path-oriented Matrix-based 
Knowledge Representation System 
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Most AI search/representation techniques are oriented toward a potentially infinite domain of objects and 
arbitrary relations among them. Experience has shown that in reality much of what needs to be 
represented in AI can be expressed using a finite domain and unary or binary predicates. Unary 
predicates can describe object attributes and binary predicates describe relations among two objects. 
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the system is to contain as well as "metadata;" i.e. information about the structure and constraints that 
govern the data contained in the system. The other is the data manipulation language (DML), the subset 
of the language concerned with the specification of queries and updates on the data. We will categorize 
the LIMAP functions accordingly. As in Common LISP, LIMAP’s functions and arguments are not case 
sensitive. 



Figure 1 shows LIMAP’s data definition procedures, and their associated syntax. 
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Matrices/vectors of boolean type are matrices/vectors where each of the elements is either a "0" or " 
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Using the data manipulation language (DML) procedures the user may query a relation’s type, 
specifications, representation, or the actual data stored. S/he may store/retrieve values to particular loca- 
tions, multiply two matrices, copy one matrix to another, invert, transpose, resize, clear, or take the transi- 
tive closure of a matrix. Figure 3 tabulates the DML operations. 
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of the location in row-major order. The function returns the stored value. An error is returned when there 
is a type mismatch between the value to be stored and the type of the matrix/vector. RETRIEVE retrieves 







the contents of a particular location in a matrix/vector. In the event that that the specified matrix/vector in 
not defined, both functions display an appropriate message and return nil. 
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MULT is a function that allows the user to multiply two matrices, a matrix and a vector or two vectors of 
the same type. The resulting matrix/vector is placed in a user-specified matrix/vector, which constitutes 
the third argument in the function. If the specified matrices/vectors are not defined, have incompatible 
types, or incompatible dimensions the function terminates gracefully by displaying appropriate error mes- 
sages. MULT operates on the following principle 



a nil nil nil nil nil nil nil 

a nil nil nil nil nil nil nil 

a nil nil nil nil nil nil nil 
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The function RESIZE changes the dimensions of a specified matrix/vector. The first argument is the 
specified matrix/vector and the second a list containing the new dimensions. After a RESIZE operation 
that increases the size of the matrix/vector the matrix/vector retains its elements and the newly created 
locations are initialized with the default values. The newly created locations are appended at the ends of 
vectors, and the right and bottom margins of matrices. A RESIZE operation that decreases dimension 



sizes drops higher indexed elements. Thus following a RESIZE operation where the new dimensions are 
smaller than the previous if the users tries to access locations that don’t exist the operation returns nil and 
prints an out of range error message. Example: If the contents of vector is sensor (defined previously as 
a boolean vector of size 9) is: 
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row i is replaced by row i OR row j, and the scan continues from position ij. Figure 4 shows the code that 
performs the transitive closure for boolean and symbolic matrices using Warshall’s Algorithm. 





Figui 









Example: Let us assume that we have a network of four nodes labeled as 0, 1, 2, and 3. Assume that there 
are direct connections from 0 to 1, 0 to 2, 1 to 2, 2 to 3, and 1 to 3 as indicated in Figure 5. The following 
displays how the network may be represented in a boolean matrix along with the contents of the same 
matrix after the transitive closure has been computed. 
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Let M be an NxN square matrix 
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internally maintained path matrix are: 



symbolic_mtrx: corresponding path matrix: 
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Queries of the form "is there a relation R such that nodes a and b are in relation R? "is there a path from x 
to y? a path fulfilling constraint C? where can I go from x? how can I get to x?" arise frequently both in 
AI and elsewhere. Such queries, which involve quantification over relations, correspond to statements in 
the second-order predicate calculus. This section describes the control structures that make LIMAP an 
efficient second-order predicate calculus programming system. 
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contains an example application of LIMAP. 



The reasoning portions of intelligent information systems are usually not specific to any domain. There- 
fore, enough domain information must be provided to allow them to work. FAULTFINDER [Abbott et 
al., 1987], conceived and developed to detect and diagnose inflight failures in an aircraft, is such a sys- 
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Functional Dependencies 




example, we can obtain the set of instrumented components simply by performing the boolean matrix 
multiplication Engine x Is-Sensor. Similarly, the question of whether a path exists between, say, the fan 
and the EGT sensor is trivially answered by noting whether Engine*[l,8] contains a non-nil value. Addi- 
tionally Pl[l,8] gives all the possible routes between the fan and EGT, where PI is the path matrix asso- 
ciated with the matrix Engine. 
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With luck, SET-OF-VALID-HYPOTHESES will contain only one element. If it contains more, DRA- 
PHYS waits for more symptoms to develop and disambiguate the diagnosis. 
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LIMAP. Since the notation bears strong analogies to the predicate calculus specification, we present it 
without further explanation. 



; The list *comps* contains all engine components, including sensors 



:always (not-known-ok c) ) 


(defun not-known-ok (c) 

(or (null (instrumentation c)) (symptomatic c)) 
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quendy in the domain of diagnosis/prognosis generation problem domain. Since then it has become 



apparent that the facilities provided are applicable to problems both within and outside of AI. 


Our experience to date has shown that LIMAP is applicable to a wide range of problems. While LIMAP, 
if abused, is as capable of inefficient operation as any other misused programming system, we have found 
that for every problem yet attempted there has existed a LIMAP formulation that was concise, 
comprehensible, and for which LIMAP ’s facilities constituted an efficient problem representation. 



- Abbott, K. Robust Fault Diagnosis of Physical Systems in Operation. NASA Technical Memorandum 
102767, NASA Langley, Hampton, VA., 1991 
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